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The LEP collaborations ALEPH, DELPHI, L3 and OPAL have sbartfor the neutral Higgs
bosons which are predicted within the framework of the MiairBupersymmetric Standard
Model (MSSM). The data of the four collaborations are stiaédly combined and show no sig-
nicant excess of events which would indicate the produaifdtiggs bosons. The search results
are thus used to set upper bounds on the cross sectionsafivatiggs-like event topologies and
limits on MSSM benchmark models, including CP-conservind &P-violating scenarios. Here,
the limits on the model parameters of the CP-violating bematik scenario CPX and derivates of
this scenario are shown.
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1. Introduction

It is generally assumed that the Higgs mechanifm [1] is mesipte for the breaking of elec-
troweak symmetry and for the generation of elementarygamnasses, both in the Standard Model
and in one of its most popular extensions, SupersymmetnS{QUR]. In the implementation
of SUSY with minimal additional particle content, the MiranSupersymmetric Standard Model
(MSSM), two Higgs doublets are needed. Hence, three nedigals bosons and a pair of charged
Higgs bosons can be searched for.

Most of the experimental investigations carried out in tlastpat LEP and elsewhere were
interpreted in MSSM scenarios which assume CP conservatitire Higgs sector. However, CP
violation in the Higgs sector cannot be a priori excludfd [$jcenarios with CP violation are
theoretically appealing since they provide one of the idignets needed to explain the observed
cosmic matter-antimatter asymmetry. In the MSSM, howestdnstantial CP-violating effects can
be induced by radiative corrections, especially from tigesheration scalar-quarks. In the CP-
violating scenario the three neutral Higgs mass eigersstaigé, H2 and H3, are mixtures of CP-
even and CP-odd fields. The Higgs boson production and deocpggiies may therefore be widely
different and, consequently, the experimental exclusfmnsished so far for the CP-conserving
MSSM scenario may be invalidated by CP-violating effects.

In this paper, the results from the combination of the Higgsdm searches of the four LEP
collaborations [J4] at,/s = 91— 209GeV in model-independent cross-section limits on werio
MSSM-Higgs-like topologies and in exclusion of CP-viofetiMSSM benchmark scenarios are
presented.

2. Higgs Boson Searchesat LEP

In the CP-conserving MSSM, the two dominant production me@ms Higgsstrahlung
(efe"—hZ, onz O sir’(B — a)) and pair production (es"—hA, gha O coS(B — a)) are com-
plementary and ensure the coverage of the whole kinemigti@etessible plane of Higgs boson
masses, because for large d@s— a) the two Higgs bosons h (CP-even) and A are close to each
other in mass.

In the CP-violating MSSM, the experimental coverage of tlassplane is lost, since first all
three Higgs bosons can be produced in Higgsstrahlung (ammkhbe direct complementary of two
modes is lost), and second, because there can be large rfieiendies betweemy, andmyy, over
the whole parameter space. Additionally, the cascade ddgayH.H; is dominant in large areas
of the parameter space. Hence, the coverage of non-diagaingroduction mechanisms and the
coverage of cascade decays is crucial for the experimertaka to the CP-violating models. This
is shown in Fig[JL. In (a), the 95 % confidence level (CL) excndimits ono x BR in the process
e*e*—>HZZ—>H1H12—>b5bBZ relative to the nominal SM cross-section is shown. gy up to
105 GeV and allmy,, models which predict & x BR value of more than 40 % of the SM cross-
section can be excluded. In (b), the coverage for the pragiess—H,H;—H;H;,H;,—bbbbbb is
shown, with limits relative to the nominal pair-productioross-section with cé$8 — a) = 1.
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Figure 1. Model independent limits oo x BR relative to the nominal 2HDM cross-sections & (3 —
a)=1in(a) andcos (B —a)=1in (b).
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Figure 2: Model predictions foro x BR values of dominant Higgs boson production mechanisms in the
CPX scenario foBOGeV< my, < 40GeV.

3. MSSM Modelswith Additional CP Violation

The benchmark model used in the combination of the LEP datzeiCPX scenario[]5]. It
is characterized by large mixing between CP-even and CPstades in the mass eigenstates. The
CP-even/CP-odd mixing#2,is characterized by

2 - M O(App)

MEp U 2 m (3.1)
Therefore, large values of the top quark magsthe Higgsino mixing parameter and the imagi-
nary part of the trilinear couplings in the stop and sbotteetasrA; ,, coupled with a not too large
scale of the squark masskk,ysyis chosen. Effects of the variation of these parameterstade s
ied. Detailed calculations on the two-loop ordgr [6] or oe tme-loop renormalization-improved
order [}] are used to calculate the model predictions.

The resulting predictions for selected processes in the &¢Xario are shown in Fifj. 2 for
lightest Higgs masses of 30 Ge¥my, < 40GeV. For low tas = v, /vy, the SM-like production
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Figure 3: Exclusion areas in th@anf,my, ) plane in the CPX scenario for = 1693, 1743,1793GeV.
Theoretically inaccessible regions are shown in yellowegimentally excluded areas in light gre€i (=
95%) and dark greerQL = 99.7 %).

mechanism IIIZ—>(b5, TT17)Z is dominant and has a large production cross-section.rf@me-
diate tar3, however, all production cross-sections are reducededime kinematically accessible
H1 decouples from the Z, hence no Higgsstrahlung occurs, acéish, ~ 110GeV is close to the
kinematic limit. Additionally, the experimentally morefiicult cascade decayH-H;H1 becomes
dominant. For large tag# the production cross-sections increase and finailyl;H—»bBbE becomes
the dominant mode.

4. Interpretation of the LEP Data in the CPV M SSM

The statistical combination of all Higgs boson searches fadl four LEP collaborations uses
the modified frequentist approach as implementefl]in [7]. fEBalt of this combination shows no
statistically significant excesses of the data over the @rplebackground. Hence, limits on the
parameter space are computfd [8]. These limits are showig.ifi End# for the CPX scenario. In
each case, the full set of MSSM parameters is fixed to the salhesen for the scenario (as given
in [B, [@]), apart from ta8 and the charged Higgs boson mass., which are scanned. The result
is then shown in the tgB, my, projection.

In Fig. 3 the results in the CPX scenario are shown for diffetep quark massesy. The
present experimental value of = 1727GeV [9] lies between the values used for Fig. 3 (a) and
(b). In all cases, the reduction of production cross-sastifor intermediate tgf described in
Section[B causes unexcluded regions for low values of tieelgy Higgs boson massy,. No
absolute limit onmy, can be set. For larger values wf this effect increases, sinea strongly
influences the mixing of the mass eigenstates (3.1)narehses the mass splitting between
my, andmy,, hence further decreasing the production cross-sectmriatermediate tafi.

The effect of unexcluded regions in the parameter spacevonty, is clearly connected to
the CP-violating imaginary phase of the trilinear coupdidgp. This is shown in Fig[]4. Only for
large phases (and hence large mixingdir (3.1)) the effdargé inaccessible regions is strong.

5. Conclusions

The results from neutral Higgs bosons searches in the dooitétte MSSM described in this
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Figure 4: Exclusion areas in théan3,my,) plane for different values of the phaaggA of the trilinear
coupling parameters in the stop and sbottom sector.

paper are based on data collected by the four LEP collabostALEPH, DELPHI, L3 and OPAL
at v/s=91—-209GeV. No significant excess of data over the expected bawkds has been
found. From these results, upper bounds are derived forrties cections of a number of Higgs
event topologies. These upper bounds cover a wide rangeggsHiioson masses and are typically
much lower than the largest cross sections predicted witlenMSSM framework. In the CP-
violating benchmark scenario CPX and the variants whictel@een studied, the combined LEP
data show large unexcluded domains, down to the smallestasiakence, no absolute limits can
be set for the Higgs boson masses. On the other hanfl,d¢an be restricted to values larger than
2.9 form = 1743 GeV. While the excluded mass domains vary considerably mit the bound

in tang is barely sensitive to the precise choice of the top quarksmas
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